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SQUIRRELSAS PREDATORS

J.
H. Callahan'

AbstiU(,T— A literature re'\ic\\ and licld ohseiNations iiulicatc that most stimids arc iacnitatiM- preilators on STiiall

\ertebrates. This hchaxior is {IcK'Uiiieiitecl tor at least 30 sciurid species in 8 genera. Thi' rre<|nene\ ofpredation api)arentK

is influenced In \arious factors including climate, season, gender, reprcxhictixe condition, and a\ailal)ilit\ of plant sources

lor certain nutrients such as calcium and nitrogen. .Although sciurids assimilate as much energ\ from animd foods as do
obligate carni\()res. beha\ior associated with predation appears to he less efficient in sciurids and may rely parti)' on prey

habituation and other adajitive brha\iors.

Kci/ irnnl.s: scjiiirrcl. Sciiiridac. jiirdaloi: Cdniiiorc. omiiii ore.

Pivtlators utilize xarioiLs .strategics tliat niaxi-

iiiize the probability oi succe.ssful prey capture

while uiiuimizing the probabilitv" of injur)'. Sci-

luid rodents, many of them facultative and op-

portunistic predators, are not moiphologicalK-

specialized for this role and should therefore

possess a wide \ariet\- of adaptive attack behav-

iors. As discussed below, one ofthe.se behaxiors

observed in tree scjuiiTels appears similar to

insinuation (Curio 1976), a strategv' more often

associated with imertebrates than with mam-
uuils.

Predation, as defined here, means the killing

and eating of active \ertebrates (including con-

specifics) or other relatively ku^ge, mobile prey

b\- free-li\ing scjuiiTcls. This definition excludes

tlie consmnption of eggs, nestling birds, small

insects, or an\- animal that is alreacK' dead. Pre\'

offer .some resistance; eating carrion or aphis is

siinilai- to browsing. Predation also excluders kill-

ing that appears unrelated to feeding, as in de-

tense of the nest (Harris 1985) or as a

reproductixe strat(^g\' (Balfoin- 1983, Wei.s.sen-

bacher 1987). FinalK; belia\ior of caged scjuir-

rels is often abnormal and is excluded here as

e\idence of predation, although it can proxide

clues to dietan deficiencies.

Not iill biologists accept the idea of squinels

as frequent predators. Despite the 7()-year lit-

erature record suiiniiaiizcd in Table 1,

O'Donoghnes recent (1991 ) finding that squir-

rels are the chief predator of juxcuile snowshoe

hares elicited general "shock" ((>. Krebs, per-

sonal connnunicatiou). There is unixcrsal ac-

ceptance that squiirels eat meat; the question is

how they obtiiin it. Scpiirrels are often seen

eating carrion on roads but are rarely seen at-

tacking lixe prev Stomach contents aiuiKsis mav
o\erlook\ertebrate fle.sh and cannot distinguisli

live prey from carrion. Thus, each newobsena-
tion of a squiiTel acting like a predator bc^comes

a jouniiil note (see Literature Cfted). .Xlthough

most of these notes imply that such beha\ior is

aberrant, collecti\ely they describe a significant

component of the sciurid repertoire. The .same

feeding adaptations that enable scjuirrels to

crack nuts are sufficient for opening skulls ( Lan-

dry 1970).

Trp:e sguIRRKL.S. —The following field ob-

servation (which prompted this rexiewO adds a

species to the list of reported .sciurid predators.

On 6 April 1979, I saw a lactating femtile west-

em gra\' s(juirrel {Sciurus oriseiis) stalk and at-

tack an adult mountain (juiiil (Orcoiii/x ))ictiis)

in mixed-conifer forest at Black Mountain, Hi\-

erside County, C^'alifoniia, ele\ation 1800 m.

The quail was standing on a 6()-cm stump at the

edge of a cleiiring; five or six other (juail were

nearby None of the (jUiiil appeared to react as

the scjuiiTcl cro.s.sed the clearing in an odd,

crouched posture, rustling the pine needles and

k>a\c's loudly enough to attract my attention.

When it was 20 cm from the stinnp, it leapt up

and pounced on the(juail. .\fterabriefstniggle,

the (jiiiiil escaped and the co\e\ mo\ed off. In

six\('ars in the same area, on tv\'o other occasions
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TaiU-K 1. Piihlisliiil n-ports olpredation bysciiirids. 'I'liis tabic is liniitctl to Ik

()iil\ pivilafion (ami prcilatioii attempts) as defined in text.
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iiaxiurol tree-li\ing scjuirrels and includes

Spet-ies Prev Source

THKKSyUlltl<EI.S

KiLslerii gra\ S(iiiirrel

i.Schtru.s airoliiiciisis)

Western i^ray s(|iiiirel

{Sciiinis iiiisi'iis)

KiLsteni fox s(|iiiiTel

{Sciiinis iiiiicr)

Kiir()pe;ui red sijuirre!

{Sciiinis lul^ahs)

Douglas s(|uirrel

( Taiuias(iiini\ :l(>ii<s,l(isi

)

Pine (= Hed) S(juirrel

I T/iDiiasciiirus Intdsoniciis)

Little green s(|uirrel

(Actliosriunts poeiisifi)

CHOUNDS^I'IRRKKS

W'liitetiiil antelojx- scjiiirrel

(.\iniiiosi)cniu)j)ltiltis leiivunis)

Nelson antelope s<|uirrel

{Antm(>siicnm>j)liilits iicisoiii)

Yellow-bellied niarniot

{ Maniuita Jlavivciitris)

('alilomia ground s<|uirrel

( Sprnitophilus hccrlwi/i

)

Belding ground S(|nirrel

(SixTiitopliiliis hrhliii^i)

Suslik

( Sp('niu>})liilns citcllus)

, Columbian ground scjuirrel

iSpcnnopltilns coliiiiihianits

)

Franklin ground scjuirrel

( Sp(niuij)luliis fninkliiiii

)

(ioldcn-mantled S(|nirrel

( SpiTntopliiliis lateralis

)

Mexican ground S(|uirrel

( Spcniu)i)liilii\ iiicxicaniis

)

Hound-tailed ground S(|uirrel

( Spi-niuiphilus tcitiicaiKlua )

Timiisend ground S(|uirrel

(Spi-riiiKphiUis tdiiiisiiidii )

I'Vlined ground S(|uirrel

( Spiniu>philiis Iridccciiiliiudliis )

Arctic groimd S(|mrrel

{SiHTiuiipliiliis iiiuhilatiis i

Hock

( Sjirniuipliiliis i7/ncg«///.s

)

(."onspeciiics. birds

Mountain (juail; unidentified small

mammal (Pcnimt/sciis?)

Dove, blue ja\, otlii-r birds

Scjuirrels, birds

Ciromid sfjuirrels

("liipmiinks, tree squirrels, cotton-

tail, showshoe luue, mourning dove,

other birds

Frog (live?)

Pocket niousi', kangaroo rat, lizards

lazards

(>i)ns])ecilics

(Jroimd scjuirrels. rabbits, pocki't

goplieis. moles, birds, lizards

('hipmimks, other small mammals,
jiuico, warbler

Field mice, biids. snakes,

conspecilics

Fish (live?)

\'oles, d()m(^stic lowl, ducks, other

birds

\oles. (leer mice, chipmniiks, juiico

lizards

Cottontail

Sparrows

Consjiecifics

Rabbits, birds

Conspecif'ics, snowslux- hare,

collared lenuning

^\'ild tinkevs

Holm (1976), Bailey (192.3)

This paper

Borell (1961), Seton (1929), Shaffer

and Baker ( 1991

)

Gurnell (1987), Schlogel (1985)

Roest(1951)

Hatt (1929), Seton (1929), Hamil-

ton (1934). O'Donoghiie (1991),

Nero ( 1987), Tavlor( 1988)

Emmons(1980)

Bradle> (1968), Morgart (1985)

llawbecker (1947)

Armitageet al. (1979)

Grinnell & Storer (1924), Fitch

(1948), Sumner & Dixon (19.53).

Sandberg and Banta ( 197.3). Trulio

etal. (1986)

Sharsmith (19.36), Howell (1938),

Sherman & Morton ( 1979),

Michener(1982)

Calinescu (19.34). Herzig-Straschil

(1976)

Howell (19.38)

Polder (1955), |ohns(m ; 1922),

Howell ( 19.38),' Sowls (1948),

Clioromanski & Sargeant (1982)

Cameron (1967), Tevis (19.53)

Packard (1958)

Bradley (1968)

Michener(1982)

Bridgewater & Penn\ ( 1966),

Bailev(1923)

O'Donoglme i 1991), Holmes
(1977), Boonstraet al. (1990). .

Michener(1982)

Cook tV lleniA (1940)
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Tabi.!'] I. Continued.

Species Prev Source

Washington groiuicl s(|iiirrcl

( Sjx'rmcjiluliis iv(i\liiii^t(>iii)

South Ali'icau tii'ound squiiicl

(A<77/S' ilKllllis '

AfriciUi giouiid scjuirrcl

(Xcnis nitiliis)

Chipmunks

CHI I chipnuuik

[Tdiituis (lorsdUs)

Mfrriaui's chipmunk
[Tamias incrriaini)

1 .east chipmunk
iTamias ininiiiiiis)

Asian chipmunk
[Tainiiis sihiriciis)

Eastern chipmunk
(Tamias st rial lis)

Cousjiccilics

Domestic lowl, odicr liirds, turtle:

otlier rt'|)tiles

CJohra

Crabs

Lizards, s])arrows

Tree swallows

N'ok's, liirds, li/ards. Iroiis

Conspecitics. xoles, swallows, stai'-

liui^, snakes, trogs. salamandei'

Alcorn I 1940)

Shortridge (19;M). Hvan (1987)

Stiles (1987)

Jenkins 1989

Larson (1986)

Leck'rk" et al. (1985)

Ogne\ (19fi6)

Krull ( 1969). Seton (1929). Cinevan

( 1971), Hesterl)erg ( 1940). Harriot

(1940), Shackleford (1966). Torres

(1937)

I saw awe.steni gi"a\ scjuinvl stalk a bird bn'ctK"

hut then retreat without conipletini]; apredation

attempt. On 1 April 1993, S. B. Compton (per-

sonal conmuinieation) saw a western gray squir-

rel with a small, live mammal in its mouth, the

size of dxoxuY^Peromijscus, beside a road in the

San Jaeinto Mountains (2100 m).

Ingles (1947), Cro.ss (1969), Jaeger (1929),

and Stienecker and Browniing (1970) rexiewed

the food habits of the western gra\ scjuiirel but

reported no predation (iilthough the latter

found feather fragments in one stomach). At

leiist six other tree squiirel species take live prey

(Table 1), but the frequency of such be]ia\ior is

iniknowii. Meat constitutes 2-1 1%of the diet of

the eastern gray s(|uiiTel, Sciunis cdnyliucnsis

(Packard 1956,' Nixon et al. 196S): howcM-r.

stomach contents analysis does not rexcal how

meat was obtained. Moreo\er, s(|uiiTels are er-

ratic predators and not all studies are in agree-

ment. Wliereas Borell (1961 ) and O'Donoghue

(1991) reported predation In the lo\ scjuirrel (S.

)u<ier) and red scjuiirel (Taniiasciiiriis liiulsoni-

(v/.s), respectixely, 1-leichard ( 1976) saw no pre-

dation bv either species.

It is npt entirelv clear whether a tree scjuirrel

attacks li\e pre\' to obtain meat per se or calci um
and/or phosphonis from the bones. Shaffer and

Bilker (1991) noted that a fox squiirel, after

killing a xoung blue ja\. axoided tlic skeletal

muscle and gnawed on the joints and bones near

the suilace of the skin. This is in agreement with

other reports of tree sc^uiirels eating bone and

antlers ((Jross 1969, Leach 1977). In other causes,

lujweNer, sciuiids June consumed specific prey

organs such as the bniin (Hamilton 1934, Elliott

1978) or viscera (Hesterberg 1940), or the flesh

ofthe head (Holm 1976).

Predation b\ tropical tree scjuiirels appears

to be rare. Emmons( 1980) saw no predation b\'

an\ of nine African species, although one

ActJioscuints stomach contained a frog (Talile

f). (;lanz et al. (1982) wrote that Sriiints

<ira)iatensis rareK" eats animal foods. Paraxcnis

ccpaj)! eats eggs, nestlings, and insects. l)ut ap-

parentK" no pvrv as defined hcM^e (Shortridge

1934); male P. ccpapi sometimes kill juxcnile

conspecifics, but Wei.s.senbacher (1987) regards

this as a reproductive strateg)- rather than pre-

dation per se. Mljoen (1978) reported no preda-

tion In Finiisciunis con(iicus. Small arthropods

and annelids are the only knowai animal foods of

Siiiula.sciunis loicii, Lariscus obsciinis. Callo-

sciitni.s nwlanogaster (Wliitten 1981), Callosci-

unis cn/thmem (Setoguclii 1990), and Taniiops

incrh'UaiuU ( Moore andTit(> 1 965). Borg(^s (1990)

stated tlidtliatuja is an obligate herbixore.
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The iiifriHiuiMify ofsciiirid predation in the

tropics foiikl he an artifact l)ased on tlie gco-

Urapliic distribution olObseners. Certain other

mannnals, liowexcr, are facultati\e predators in

onK part ol" their geographic range (e.g., the

chinipan/.ee; ( Jnio 1 976). For scinrids, the nio.st

likelv exphmations inchide the following: (1)

certain tropical plants and tree barks are rich in

calcium and other nutrients (see Borges 1990);

(2) carniNon in the tropics may be associated

with incrciLsed numbers of stonuich nematode's

( Fnunons UJcSO); (3) colder climate necessitat(\s

a high-fat diet; or (4) facultative predation is

parti\ a learned beha\ior that can spread

through a local population, but need not occur

over tile entire range of a species. The first

h\ pothesis is supported by the fact that tropical

tree scjuinels turn to predation when caged and

depri\-ed of a normal diet ((\g., Keshaxa Bhat

1980).

Ground .SQUIRRKLS. —Meat (li\e prey and

carrion) is a major food source for ground scjuir-

rels worldwide, although fewer data are avail-

able regarding Old World species. Table 1 lists

reports of predation In J<S species o^ Spcntio-

phiUts, Aniinospci'Diophihis. Maniiota, and

Xcnis. A possible exception is the Mohave
ground scjuiirel {Spennopliiliis moJiavcnsis),

w hich has been studied intensi\'elv (Leitner et

al. 1991 ) but is not knowii to take live vertebrate

prev The cheek pcMiches and stomachs of four

Sciiirolrnnias davidUiniis specimens contiiined

only plant maleriiil (('allahan and l)a\is 1982),

but no field data on this endemic (>hinese genus

are axailable.

Flvinc snriRRKi.s— The southern fixing

s(juiiTel {Clancomi/.s volnits) eats eggs, nest-

lings, and carrion (Bailey 1923, Landn' 1970),

but not consistently (Mariow and Dovle 1990).

I ha\-e found no record of predation as defined

here.

(-"IIII'MIXKS. —̂llie ciusteni cliipmunk (Tamias

sthaln.s) and the Asian chipnmnk (T. sihirinis)

take a \arii'tv' of prey (Tal)le 1). Lederle v[ al.

(1985) reported that least chipnnmks {Taiiiias

iiii)iiiim.s) prey upon adult tree swallows, as wc>ll

as eggs andyoimg. Jenkins ( 1989) ob.seived cliff

chipmunks (Taiitias dorsalis) in coastal Sonora.
-Mexico, eating crabs and other marine in\erte-

brates in tick- pools; becau.se the exact size of the
cral)s was not documented this is a bordedine
c-a.se of "prechition." Larson (1986) reportc-d that

Meniams chipmunk {Tamias nicrriami) occa-
sioiialK rats li/artls and birds. The lodgepole

chipnnmk {Tamias speciosus) is somewhat spe-

cialized as an arboreal nest predator (Grinnell

1908, Grinnell and Storer 1924), but it has been

reported to eat eggs rather than adult birds.

Similar behavior is reported lor the I'inta cliip-

munk (Tai)tias umhriniis) (Smith and Anderson

1982).

SignifICANC:e. —There are reiilly two ques-

tions here: (1) Whyeat meat? (2) Whycatch it

wliile it is still dive?

A frequent an.swer to the first (juestion is that

squiirels, especiiilly reproductive females, nia\

need a concentrated source of protein and/or

certain minerals. This view is supported b\ stud-

ies of calcivun self-selection bv male and femtile

Malabar giant squiirels (Rafiifa inclica) (Borges

1990). Smith (1968) and Carison (1940) 're-

ported that onlv pregnant and lactating tree

scpiiiTels regularlveat animal food. Studies cited

by Crurnell (1987) showed that femiile tree

squiirels cannot alwavs obtiiin enough calcium,

phosphonis, sodium, or nitrogen from a diet of

seeds. GoodiTini (1940) speculated that femtile

scpiiiTels mav need meat to reproduce success-

fullv. Keviner and Hiiiie (1977) reported a wild

European red squirrel {Sciiinis i"///gr/r/.s) with

nutritional osteodvstrophv, suggesting that die-

tan" calcium mav be a limiting factor in the

distribution of certain .species.

A second \iewqooint is that the seasonal in-

crease in meat consumption, w^hether of live

prev or carrion, compensates for a seasonal de-

cline in the ([tialitx' of plant food (especiallv

protein content) and is not specificiilly related

to nqiroduction. Nutrient densitx" and water

content of plants eaten bv squiirels decline in

spring and summer (Bintz 1984). In the Mojave

Desert, plant foods evidentl}' contain sufficient

c-alcium, but nitrogen is likely to be limiting for

desert ground s([uirrels that are active vear-

round (Karasox 1985); conversely, tree squiirels

in more mesic emironments have fimgi aviiil-

able as a source of nitrogen but are more likelv

to need calcium seasonallv (Carlson 1940,

Coxentiv 1940, Kevnierand Hime 1977). Phos-

phorus also max be a factor in food selection:

(>'ano and Colome (1986) attribute the con-

sumption of carrion bv cattle in parts of South

Africa to phosphorus-deficient soils. Whenkept

on a hed)i\-orous diet, Belding's ground squir-

rels s(>Iect plant parts highest in protein and

water (Eshelman and Jenkins 1989). (iuniell

( 1987) wrote that tree s(|uirrels use animal food

niiiinly in the summer. \\'eeks and Kirkpatrick
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(197S) studii'd tlic "salt drixc' piK'iioiiiciioii in

l()\ s(juiiT('I.s and inaniiots. (.'lark (,1968) loiiiid

that till' proportion ol animal lood in SfX'niio-

pliilits richdrdsoiii stomachs increased from '.YA

in April to 24'yf in Ant!;nst. Te\is ( 1 953) reported

a simiiai' phenomenon for chi[Miuinks and gold-

en-mantled s(jnirrels.

A third hxpothesis is that predation 1)\ scjnir-

rels is often incidentd to killing lor some other

reason, usiiallv temtorial defc^nse or reprodne-

ti\"e competition. In other words, once theotlu^"

animal is dead, it pro\ides an energetic bonus

that can be consumed without further risk. This

explanation applies mainh to certiiin ground

sfjuiiTel species (Holmes 1977, MichcMier 19S2,

Balfour 1983, Harris 1985).

The other (juestion concerns the adxantages

of li\e pre\; C'anion contains protein and other

nutrients, and it does not nm a\va\' or fight back.
( 'anion also Iuls disad\antages: nutrient content

diminishes due to desiccation and remoxal of

organs (1)\' the original predator or h\ earliei"

sca\engers): canion occurs in high-risk situ-

ations (near ra\ens. predator dens, or cars): and

it ma\ contiiin hannfnl bacteria. But tlie worst

thing about carrion is that it mav not be a\'iiilal)le

when needed. Most reports of scavenging b\-

free-li\ing squiirels in\"ol\e road kills, an artifi-

ce iallv concentrated phenomenon.

"Quasi -prey," such as small frogs and most

arthropods, are a fiiirlv safe liet when a\ailabl(\

Nestling birds are .somewhat more difficult be-

cause of ne.st defen.se b\' the parents (Smith

f97{), Shaffer and Baker 1991). The hardest

pre\' to explain are adult birds, rodents, and

rabbits, since these ha\'e defenses sufficient to

inflict injnr\ on asfjuiiTcl. The prexalent \ iew is

that s(|uiiTels tuni to li\e pre\" ouK as an "emer-

g(Mic\ food source (Heichard 1976) when other

resources are depleted. This \ie\\ implies that

predation is a fnnikish excnt that has no real

bearingon the scinirrels lole in the lood web. To

paraplirase Landrx (1970). isolated exents of

caniixon do not a caniixore make. (To supj)ort

this statement. Landn cites an obsenation of a

deer eating a rab])it.)

Again, howe\er, a growing bod\ ol e\ idence

suggests that predation is a uoruiid c()m[)on(Mit

ol the leeding repertoire lor most scinrids, at

least outside the tropics. This does not imj^K

that s(|uin"els are fundamental predators, but

simpK that they are opportunistic. One re-

xiewer of this paper connnented that sijuiirels

are "lousv predators." Undoubted]\- this is true

to some (^xtent; but neithei- the apparent low-

success rate nor the situation-specific response

to potential prey is uni(jue to s(juirrels. l^oth

phenomena are reported for niiuiv obligate

j)redators as well (("urio 1976). Moreoxer, Kara-

so\(1982) found that antelope ground sijuiirels

assiun'late energx from animal foods just as efh-

(ientK as do obligate predators.

There is a learned component in predator

recognition and axoidance b\- birds and mam-
mals ((]urio 1976, Robinson 1980). It would be

a waste of energ\- for rabbits to axoid deer, for

instance. e\tm though one de(^r ate one rabbit.

But il stpiirrels unik-rgodietan stress exenwear
and begin eating peculiar things, one might

expect prey to catch on. The limited exidence

axailable suggests this is not the case. Birds

apparenth' respond to uuxk'ls of s(juirrels nciu"

their nests (Hobson et al. 1988) —a not unex-

pected result, since nest pre(kitiou is a lre(juent

sciuridbehaxior. Smith ( 1970) reported that t\x()

cactus wTens {Canipi/lorlupichiis hniiiiwicapilliis

)

attacked and injunnl a Harris antelope scjuirrel

{A)}U)U)spen)U)philiis luinisii) neai- an old n(\st.

In other contexts, hoxxexcM; birds and other po-

tential prex olten .seem to ignore squiirels.

A clue to this blase respon.se max' be found

in tlic^ ".stalking" behaxior occasionallxobsened

in tree squiirels, including the xx'esteni grax"

s(juiirel as described aboxe. This behaxior is not

associat(Ml xxith the routine ojXM'ation of nt^st

robbing but s(>ems limited to the ndatixclx in-

Irefjuent attempts on larger prex. Klugh ( 1927)

similarlxxxrote that red s([uirrels sometimes ap-

pear to stalk grouse or partridges, repeatedlx"

adxaucing on tlu^ bird and then retreating. This

is similar to mxoxx'u obsenatiousolxx'esteni gra\'

s(|uin"els reported aboxe. The scjuiirel engaged

in this near-caricature of a stalking predator is

aetuallx more con.spicuous than usiuil (at lea.st to

the human obsener). It is possible that the

effect of oloxious repeated stalking is to habitu-

ate potential prex.

Most published reports ol sciurid predation

are brief notes, since it is difficult to conduct a

(|uantitatixe studx' of aiix' rare phenouK^non.

iiox\c\(M; some tentatixe inferences can be

draxxii. The proximate significance ol stalking

max be that the S(juirrel is shoxxing conflict

behaxior adxaucing and then retreating il the

bird or other prex appears in a position to de-

fend itself. In the ultimate sen.se. the s(juiirel

should In^nelit from this behaxior if its elfect is

to condition the lociil prex population to disregard
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skiilkiim s(juin-els. If most squirrels acting like

predators do not follow through, then prey

shoukl leani not to respond. This hehaxior is

analogous to the hoarding of nuts, in that tlie

s(iuirrel is hoarding prey confidence. Latei;

when normal food items are in short supply, the

scininei can exploit this conditioning. In the

longer tenn, selection for such behaxior poten-

tiali\ represents an entiy point to a new feeding

niclie, particularly in miu-ginal habitats where

tree squiirels max be more likely to resort to

predation.
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